distinct genomic species. The new isolates and the type strains of recognized Lechevalieria species were readily distinguished based on a number of phenotypic properties. A combination of the genotypic and phenotypic data showed that the three isolates represent three novel species of the genus Lechevalieria. The names proposed for these taxa are Lechevalieria atacamensis sp. Wang et al. 2007 . These organisms form a monophyletic branch in the 16S rRNA gene tree of the Actinosynnemataceae and can be distinguished from one another based on a combination of phenotypic properties (Wang et al., 2007) .
During a study on actinomycete diversity in hyperarid soils of the Atacama Desert in Chile, strains C61  T , C68  T and  C81 T were assigned to the genus Lechevalieria on the basis of preliminary morphological and 16S rRNA gene sequence data and the presence of meso-diaminopimelic acid in whole-organism hydrolysates (Okoro et al., 2009 ). The present investigation was designed to determine the taxonomic status of these isolates by using a polyphasic approach. It was apparent from the resultant data that each of the isolates represents a novel species of the genus Lechevalieria.
The strains were isolated from SM2 agar plates (Tan et al., 2006) that had been inoculated with soil suspensions and incubated at 28 u C for 21 days, as described by Okoro et al. (2009) . The organisms were maintained on modified Bennett's agar slopes (Jones, 1949) at room temperature and as suspensions of mycelial fragments in 20 % (v/v) sterile glycerol solution (Wellington & Williams, 1978) at 220 u C, as were the type strains of the four recognized Lechevalieria species. Biomass for chemotaxonomic and molecular systematic studies was prepared by growing the strains in shake flasks of modified Bennett's broth at 28 u C for 7 days. The resultant cultures were checked for purity and harvested by centrifugation; cells for chemotaxonomic studies were freeze-dried.
The new isolates were examined for a range of chemotaxonomic properties to establish whether they had a chemical profile typical of the genus Lechevalieria (Labeda et al., 2001) . Standard chromatographic procedures were used for the extraction and analysis of fatty acids (Komagata & Suzuki, 1987) , menaquinones (Collins, 1994) , mycolic acids (Minnikin et al., 1975) , polar lipids (Minnikin et al., 1984) and whole-organism sugars (Hasegawa et al., 1983) , by using appropriate controls. The organisms contained galactose, mannose and rhamnose as major whole-organism sugars, fatty acids rich in saturated and mono-unsaturated iso-and anteisobranched components, tetrahydrogenated menaquinones with nine isoprene units as the predominant isoprenologue and phosphatidylethanolamine and diphosphatidylglycerol as major polar lipids, but lacked mycolic acids. These properties are consistent with the classification of the isolates in the genus Lechevalieria (Labeda et al., 2001; Wang et al., 2007; Zhang et al., 2007) . The major fatty acids of strains C61
T , C68 T and C81 T are iso-C 16 : 0 (23.1, 24.5 and 26.4 % of the total, respectively), C 16 : 0 (9.9, 10.8 and 8.9 %), anteiso-C 15 : 0 (9.3, 9.7 and 6.2 %), anteiso-C 17 : 0 (8.5, 8.4 and 7.7 %), iso-C 15 : 0 (6.6, 7.5 and 10.3 %), C 16 : 1 (6.5, 5.8 and 9.0 %), iso-C 14 : 0 (3.5, 3.5 and 2.5 %) and iso-C 17 : 0 (1.8, 2.8 and 4.8 %). In addition, strain C61 T contains C 17 : 0 (1.5 %).
Almost-complete 16S rRNA gene sequences of the new isolates (Okoro et al., 2009) were manually aligned with corresponding sequences of representatives of the family Actinosynnemataceae retrieved from public databases by using PHYDIT software (Chun, 1995) . Phylogenetic trees were generated via the maximum-parsimony, maximumlikelihood and neighbour-joining algorithms from the PHYLIP suite of programs (Felsenstein, 1993) , and evolutionary distance matrices were prepared according to Jukes & Cantor (1969) . The robustness of the resultant trees, which were rooted with Actinosynnema mirium DSM 43827 T , was evaluated in a bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings of the neighbour-joining dataset by using the CONSENSE and SEQBOOT options from the PHYLIP package.
The new isolates formed a distinct branch in the Lechevalieria 16S rRNA gene sequence tree, a taxon that was supported by all of the tree-making algorithms and by a 100 % bootstrap value (Fig. 1) T belong to different genomic species, as the recorded values are well below the 70 % cutoff point recommended for the delineation of strains belonging to the same species (Wayne et al., 1987) .
The colonial and pigmentation properties of the new isolates were recorded after incubation at 28 u C on T , C68 T and C81 T and representatives of recognized species assigned to genera classified in the family Actinosynnemataceae. Asterisks indicate branches of the tree that were also recovered by using the maximum-likelihood and maximum-parsimony tree-making algorithms. Numbers at nodes indicate levels of bootstrap support based on a neighbour-joining analysis of 1000 resampled datasets; only values .50 % are given. Bar, 0.01 substitutions per nucleotide position.
Three novel Lechevalieria species glycerol-asparagine (ISP medium 5), inorganic salts-starch (ISP medium 4), oatmeal (ISP medium 3), tryptone-yeast extract (ISP medium 1) and yeast extract-malt extract (ISP medium 2) agars, as described by Shirling & Gottlieb (1966) . They were examined under the same conditions for the production of melanin pigments on peptone-yeast extract-iron agar (ISP medium 6; Shirling & Gottlieb, 1966) . Isolates C61 T and C68 T formed a greyish white to white substrate mycelium and a light yellowish white aerial mycelium, but no diffusible pigments on ISP media 1-5. Isolate C81
T showed the same results on ISP media 1, 2, 3 and 5, but formed a light-brown aerial and reverse substrate mycelium on ISP medium 4. None of the isolates formed melanin pigments.
The new isolates and the type strains of the four recognized Lechevalieria species were examined for a range of phenotypic properties by using standard media and tests (Gordon et al., 1974; Williams et al., 1983) ; glucose-yeast extract agar (Gordon & Mihm, 1962) was used as the basal medium for the degradation and tolerance tests. All of the strains were aerobic, Gram-positive and catalase-positive, and formed extensively branched substrate mycelium which fragmented into rod-shaped elements. The novel strains could be distinguished from one another based on a range of phenotypic tests (Table 1) .
It is evident from the genotypic and phenotypic data presented that strains C61 T , C68
T and C81 T can be distinguished from one another and from the type strains of recognized Lechevalieria species. We therefore suggest that strains C61 T , C68
T and C81 T represent three novel species of the genus Lechevalieria, for which the names Lechevalieria atacamensis sp. nov., Lechevalieria deserti sp. nov. and Lechevalieria roselyniae sp. nov., respectively, are proposed.
Description of Lechevalieria atacamensis sp. nov.
Lechevalieria atacamensis (a.ta.ca.men9sis. N.L. fem. adj. atacamensis pertaining to the Atacama Desert of northern Chile, the source of the soil from which the type strain was isolated).
Aerobic, Gram-positive, catalase-positive, non-motile actinomycete which forms an extensively branched substrate mycelium that fragments into rod-shaped elements. Grows at 20-40 u C (optimally around 30 u C) and pH 5.0-11.0 (optimally around pH 7.5). Acid is produced from cellobiose, glucose, lactose and sorbitol. Arabinose, cellobiose, myo-inositol, malonate, raffinose and trehalose are used as sole carbon sources (at 1 %, w/v). Additional phenotypic characteristics are given in the text and in Table  1 . Chemotaxonomic properties are typical of the genus Lechevalieria. The major fatty acids are iso-C 16 : 0 , C 16 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 , C 16 : 1 , iso-C 14 : 0 , iso-C 17 : 0 and C 17 : 0 .
The type strain, C61
T (5CGMCC 4.5536 T 5NRRL B-24706 T ), was isolated from a hyperarid soil sample from the Salar de Atacama region of the Atacama Desert in Chile. The description is based on a single strain and hence serves as the description of the species.
Description of Lechevalieria deserti sp. nov.
Lechevalieria deserti (de.ser9ti. L. gen. n. deserti of a desert, pertaining to the Atacama Desert of northern Chile, the source of the soil from which the type strain was isolated). Aerobic, Gram-positive, catalase-positive, non-motile actinomycete which forms an extensively branched substrate mycelium that fragments into rod-shaped elements. Grows at 20-40 u C (optimally around 30 u C) and pH 5.0-11.0 (optimally around pH 7.5). Acid is produced from fructose, galactose and inositol. Adonitol, arabitol, glycerol, melezitose, raffinose, rhamnose and xylitol are used as sole carbon sources for energy and growth (at 1 %, w/v), as are propionate and tartrate (at 0.1 %, w/v). Additional phenotypic characteristics are given in the text and in Table 1 . Chemotaxonomic properties are typical of the genus Lechevalieria. The major fatty acids of the type strain are iso-C 16 : 0 , C 16 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 , C 16 : 1 , iso-C 14 : 0 and iso-C 17 : 0 .
The type strain, C68 T (5CGMCC 4.5535 T 5NRRL B-24707 T ), was isolated from a hyperarid soil sample from the Salar de Atacama region of the Atacama Desert in Chile. The description is based on a single strain and hence serves as the description of the species.
Description of Lechevalieria roselyniae sp. nov.
Lechevalieria roselyniae (ro.se.ly.ni9ae. N.L. gen. fem. n. roselyniae of Roselyn, named after Roselyn Brown for her many practical contributions to actinomycete systematics).
Aerobic, Gram-positive, catalase-positive, non-motile actinomycete which forms an extensively branched substrate mycelium that fragments into rod-shaped elements. Grows at 20-40 uC (optimally around 30 uC) and pH 5.0-11.0 (optimally around pH 7.5). Arabinose, dextrin, fructose, glycogen and methyl a-D-glucoside are used as sole carbon sources for energy and growth (at 1 %, w/v), as are lactate and tartrate (at 0.1 %, w/v). Additional phenotypic characteristics are given in the text and in Table 1 . Chemotaxonomic properties are typical of the genus Lechevalieria. The major fatty acids of the type strain are iso-C 16 : 0 , iso-C 15 : 0 , C 16 : 1 , C 16 : 0 , anteiso-C 17 : 0 , anteiso-C 15 : 0 , iso-C 17 : 0 and iso-C 14 : 0 .
The type strain, C81
T (5CGMCC 4.5537 T 5NRRL B-24708 T ), was isolated from a hyperarid soil sample from the Salar de Atacama region of the Atacama Desert in Chile. The description is based on a single strain and hence serves as the description of the species.
